




N.4S.4 TM X-53655 















A P R O P O S E D  H Y P O T H E T I C A L  E X P L O R A T I O N  
MISSION I N  THE F L A M S T E E D  C R A T E R  
R E G I O N  O F  THE MOON 
By Otha H. Vaughan, Jr: 
Aero- A s  trodynamic s Laboratory 
NASA 
George C. Marsbdll 
Space Flight Center, 
H w  tsvil le, Ala bdmd 
. 
TECHNICAL MEMORANDUM X-53655 
A PROPOSED HYPOTHETICAL EXPLORATION MISSION I N  THE 
FLAMSTEED CRATER REGION OF THE MOON 
Otha H. Vaughan, Jr. 
George C .  Marshall  Space F l i g h t  Center 
Huntsv i l le ,  Alabama 
ABSTRACT 
A hypo the t i ca l  14-day luna r  su r face  mission is proposed f o r  two 
a s t r o n a u t s  t o  i n v e s t i g a t e  the  lunar  t e r r a i n  and l a r g e r  f e a t u r e s  about  
a p rese l ec t ed  landing s i t e .  Because the Surveyor I s p a c e c r a f t  s o f t -  
landed i n  the  Flamsteed Cra t e r  reg ion  and demonstrated t h a t  a n  unmanned 
s p a c e c r a f t  can s a f e l y  land i n  t h i s  p a r t i c u l a r  a r e a ,  t h i s  s i t e  w i l l ,  f o r  
purposes of t h i s  paper ,  be considered a s u i t a b l e  s i t e  i n  which t o  c a r r y  
ou t  a proposed s c i e n t i f i c  explora t ion  mission.  The proposed mission w i l l  
be  supported by a luna r  s h e l t e r  ( t o  be landed up t o  s i x  months before  
the  manned landing)  which w i l l  se rve  both as a s h e l t e r  and a communica- 
t i o n s  cen te r  w i t h  the  ea r th .  A small roving v e h i c l e  w i l l  be used f o r  
manned t r a v e r s e s  w i t h i n  a r ad ius  of e i g h t  k i lometers  about  t he  s h e l t e r ,  
and a f l y i n g  v e h i c l e  w i l l  be  used f o r  f l i g h t s  up t o  30 ki lometers  away. 
S c i e n t i f i c  ins t rumenta t ion  w i l l  be provided f o r  experiments i n  s e v e r a l  
d i s c i p l i n e s .  The geo log ica l  and geophysical i n v e s t i g a t i o n s  inc lude  (1) 
s a m p l e  c o l l e c t i o n ,  seismic, magnetic, and g r a v i t y  surveys ,  and long- 
term t i d a l  and quake measurements and (2)  measurements of r a d i a t i o n ,  
temperature ,  micrometeoroid f l u x ,  e t c .  An engineer ing i n v e s t i g a t i o n  on 
the  Surveyor I s p a c e c r a f t  and i t s  components w i l l  a l s o  be conducted. 
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TECHNICAL MEMORANDUM X-53655 
A PROPOSED HYPOTHETICAL EXPLORATION MISSION I N  THE 
FLAMSTEED CRATER REGION OF THE MOON 
A hypo the t i ca l  14-day lunar  sur face  mission is  proposed f o r  two a s t r o -  
nauts  t o  i n v e s t i g a t e  the  luna r  t e r r a i n  and l a r g e r  f e a t u r e s  about  a p r e -  
s e l e c t e d  landing s i t e .  Because the Surveyor I s p a c e c r a f t  sof t - landed  i n  
t h e  Flamsteed Crater reg ion  and demonstrated t h a t  a n  unmanned- s p a c e c r a f t  
can s a f e l y  land i n  t h i s  p a r t i c u l a r  a r e a ,  t h i s  s i t e  w i l l ,  f o r  purposes of 
t h i s  paper ,  be considered a s u i t a b l e  s i t e  i n  which t o  ca r ry  ou t  a proposed 
s c i e n t i f i c  exp lo ra t ion  mission.  The proposed mission w i l l  be supported by 
a luna r  s h e l t e r  ( t o  be landed up t o  s i x  months before  the manned landing)  
which w i l l  serve both  as a s h e l t e r  and a communications cen te r  w i th  t h e  
e a r t h .  A small roving v e h i c l e  w i l l  be used f o r  manned t r ave r ses  w i t h i n  
a r ad ius  of e i g h t  k i lometers  about  the s h e l t e r ,  and a f l y i n g  v e h i c l e  w i l l  
be  used f o r  f l i g h t s  up t o  30 kilometers  away. S c i e n t i f i c  ins t rumenta t ion  
w i l l  be provided f o r  experiments i n  s e v e r a l  d i s c i p l i n e s .  The geo log ica l  
and geophysical  i n v e s t i g a t i o n s  include (1) sample c o l l e c t i o n ,  s e i smic ,  
magnetic,  and g r a v i t y  surveys,  and long-term t i d a l  and quake measurements 
and (2) measurements of r a d i a t i o n ,  temperature,  micrometeoroid f l u x ,  e t c .  
An engineer ing  i n v e s t i g a t i o n  on the Surveyor I s p a c e c r a f t  and i t s  com- 
ponents w i l l  a l s o  be conducted. 
I, INTRODUCTION 
Discussed is a hypothe t ica l  l u n a r  s u r f a c e  exp lo ra t ion  mission developed 
by t h e  au thor  and based on considerable  s t u d i e s  done by var ious  c o n t r a c t o r s ,  
NASA Headquarters,  Marshall Space F l ight  Center ,  and the  U. S. Geological 
Survey over the  p a s t  few years .  The engineer ing and s c i e n t i f i c  miss ion  
descr ibed  is a proposed 14-day e f f o r t  by two a s t r o n a u t s  t o  i n v e s t i g a t e  
a r e a s  of i n t e r e s t  about  a pre-selected luna r  landing s i t e .  Because the  
so f t - l and ing  of the  Surveyor I spacec ra f t  i n  the  Flamsteed Cra t e r  reg ion  
has demonstrated t h a t  an  unmanned spacec ra f t  can s a f e l y  land t h e r e ,  t h i s  
r e g i o n  is considered a s u i t a b l e  place i n  which t o  c a r r y  out  such a mission.  
I n  f a c t ,  it is a l r e a d y  being considered f o r  an  Apollo manned landing.  
Because i t  appears  t o  be s u f f i c i e n t l y  g e o l o g i c a l l y  d ive r se  t o  produce a 
g r e a t  dea l  of s c i e n t i f i c  information, t h i s  s i t e  may a l s o  be included i n  
t h e  post-Apollo phase of lunar  explora t ion .  However, i t  m u s t  no t  be con- 
s t r u e d  t h a t  the  hypo the t i ca l  mission descr ibed  here  w i l l  be the  a c t u a l  
miss ion  performed a t  t h a t  time. 
The Crater  Flamsteed, i n  sou theas t e rn  Oceanus Procellarum ( f igu re  1) , 
is  a b r i g h t  c r a t e r  about  20 km i n  diameter near the sou th  r i m  of a d i s -  
continuous r i n g  some 90 h i n  diameter .  This r i n g  appears  t o  be a 
"ghost" c r a t e r  f looded w i t h  a mare m a t e r i a l .  Within the  r i m ,  which is 
est imated t o  be as high as 50 meters on the south  and as h igh  as 400 
meters on the n o r t h e a s t ,  a r e  many i n t e r n a l  c r a t e r s ,  Flamsteed D and E 
being among the  l a r g e r  ones. The dark mare su r face  is  covered wi th  
b r i g h t  c r a t e r s  and r ays .  Because t h i s  s i t e  w a s  photographed by Orb i t e r  I 
i n  medium r e s o l u t i o n  and by Orb i t e r  111 i n  both  medium and h igh  r e so lu -  
t i o n  (8-meter and l -meter ,  r e s p e c t i v e l y ) ,  we now have enough information 
t o  produce very  good geo log ica l  and topographic maps of a l a r g e  a r e a  of 
t h i s  s i t e  f o r  the planning of an  exp lo ra t ion  (see f i g u r e s  2 ,  3a and 3b) .  
Because no f i n a l  geo log ica l  i n t e r p r e t a t i o n  map has been prepared a t  the  
p re sen t  time based on the Orb i t e r  data ,  only those f e a t u r e s  which appear 
t o  the author  t o  be of major geologica l  i n t e r e s t  w i l l  be v i s i t e d  during 
t h i s  hypothe t ica l  mission.  
11. OBJECTIVES 
The general  ob jec t ives  of t h i s  proposed su r face  exp lo ra t ion  miss ion  
a r e  as follows: 
(1) To determine the  geologica l  and geophysical  na tu re  of the 
i n i t i a l  landing s i t e  and o the r  s e l e c t e d  a r e a s  nearby. 
( 2 )  To emplace s c i e n t i f i c  s t a t i o n s  a t  the  landing s i t e  and 
three  s e l e c t e d  remote s i t e s .  
( 3 )  To survey,  remove, and r e t u r n  s e l e c t e d  samples from the  
Surveyor I s p a c e c r a f t  f o r  engineer ing a n a l y s i s  which w i l l  
be performed a t  the lunar  s h e l t e r .  
It is  expected that these  ob jec t ives  can be achieved by performing 
a t o t a l  of twelve s o r t i e s  ( s i x  wi th  the f l y e r  v e h i c l e  concept and s i x  
wi th  the  rover v e h i c l e  concept) .  
The geologica l  i n v e s t i g a t i o n  w i l l  inc lude  determining the  con tac t s  
between the major s t r a t i g r a p h i c  u n i t s ,  sampling of common and uncommon 
m a t e r i a l s ,  and desc r ib ing  the  s t r u c t u r a l  and geomorphic f e a t u r e s .  I f  
poss ib l e ,  c r a t e r s  of d i f f e r e n t  s i z e s  should be examined t o  determine 
t h e  age and l a y e r  th ickness  of the  mare material i n  the  c r a t e r s .  I n  
a d d i t i o n  t o  the s u r f a c e  surveys ,  a 30-meter ho le  a t  the  s h e l t e r  s i t e  
and a 3-meter hole  a t  each of the  th ree  remote s i t e s  w i l l  be d r i l l e d ,  
cored,  and logged as p a r t  of the  emplacement of the  s c i e n t i f i c  s t a t i o n s .  
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The geophysical  ob jec t ives  w i l l  be t o  o b t a i n  d a t a  f o r  the g r a v i t y  and 
magnetic surveys of the landing area and t o  o b t a i n  se i smic  information 
about  the  lunar  maria around the s h e l t e r .  
ing survey  of the Surveyor I spacec ra f t  w i l l  be t o  o b t a i n  s e l e c t e d  pa r t s  
of t h e  c r a f t  and o the r  ma te r i a l s  which have had long time exposure t o  
the  luna r  environment ( r a d i a t i o n ,  ' temperature cyc les ,  micrometeoroids,  
e t c . )  f o r  a n a l y s i s  a t  the lunar  s h e l t e r .  
of each type of missinn m a y  nc t  be achieved because of time and mob i l i t y  
r e s t r i c t i o n s ,  i t  is  not expected t h a t  many pre-planned a c t i v i t i e s  w i l l  
r e q u i r e  modi f ica t ion .  
The ob jec t ives  of the  engineer-  
Although some of the  ob jec t ives  
111. SUPPORTING EQUIPMENT 
The suppor t  equipment required t o  perform these  missions a r e  as 
fol lows:  
(1) A lunar  s h e l t e r  ( f igure  4)  w i t h  a roving veh ic l e  and a 
f l y i n g  v e h i c l e  on board w i l l  s e rve  as  a base of opera t ions  (food, 
q u a r t e r s ,  communications, and labora tory  space) .  The s h e l t e r ,  t o  be 
l a r g e  enough f o r  a two-man crew, would have a quiescent  six-month 
s t o r a g e  l i f e  and a 45-day operat ions c a p a b i l i t y  inc luding  the  e x t r a  
l i f e  suppor t  equipment required f o r  ex t r aveh icu la r  a c t i v i t i e s .  
( 2 )  E i t h e r  one of the  roving v e h i c l e s  shown on f i g u r e  5 might 
be used f o r  t r anspor t ing  the a s t ronau t  and f o r  car ry ing  cargo. These 
v e h i c l e s ,  e i t h e r  of which could be remotely con t ro l l ed  o r  dr iven  by the  
a s t r o n a u t ,  would have a r ad ius  of a c t i o n  of about  8 ki lometers  about  the  
s i t e  and could be dr iven  a t  l e a s t  20 k i lometers  i n  each s o r t i e .  (This 
proposed mission,  however, does no t  r e q u i r e  t h a t  the v e h i c l e  be remotely 
c o n t r o l l e d , )  
(3) The f l y i n g  v e h i c l e  ( f igu re  6)  has a 30-kilometer r ad ius  of 
act ion. .  For t h i s  proposed mission,  two lunar  f l y i n g  veh ic l e s  a r e  r equ i r ed ,  
one t o  f l y  t o  the  remote s i t e s  across  d i f f i c u l t  t e r r a i n  o r  a t  ranges t h a t  
would r e q u i r e  too  much d r iv ing  time using the  rove r ,  the second t o  be 
reserved  as a rescue  veh ic l e  f o r  emergencies occurr ing  a t  a remote s i t e .  
This second v e h i c l e  ( f u l l y  fue l ed )  is de l ive red  t o  the su r face  by the  L,M 
t a x i  dur ing  i t s  i n i t i a l  landing. Thus, i f  the  LM t a x i  on i t s  i n i t i a l  
landing misses  i t s  programmed landing s i t e  o r ,  because of mission d i f f i -  
c u l t i e s ,  is requi red  t o  land a t  a s i t e  which is  i n  excess of the a s t r o -  
n a u t ' s  walking d i s t a n c e  (approximately 1 km) t o  the  lunar  s h e l t e r ,  a 
mode of t r a n s p o r t a t i o n  is a v a i l a b l e  t o  cont inue the  mission.  This 
technique a l s o  prevents  f u r t h e r  l a rge - sca l e  contamination of the  lunar  
s h e l t e r  area by a second LM-type descent engine.  
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The requi red  s c i e n t i f i c  equipment and suppor t ing  t o o l s  f o r  t h i s  mission 
c o n s i s t s  of both s tandard  and spec ia l i zed  geology l abora to ry  equipment a t  
t he  s h e l t e r ,  a 30-meter d r i l l  mounted on t h e  s h e l t e r ,  a l r e a d y  shown on 
f i g u r e  4 ,  a 3-meter hand d r i l l  ( f i g u r e  7) ,  a lunar  surveying s t a f f  ( f i g -  
ure  8), s p e c i a l  geophysical ins t rumenta t ion  ( ca r r i ed  by the  roving v e h i c l e ) ,  
four  s c i e n t i f i c  s t a t i o n s  ( f i g u r e  9)  capable of remote ope ra t ion  t o  o b t a i n  
environmental and geophysical information,  and equipment t o  suppor t  bo th  
the  geologica l  and engineer ing missions ( f i g u r e  10) .  
IV. GUIDELINES AND CONSTRAINTS 
I n  planning a lunar  s u r f a c e  miss ion ,  i t  is necessary t o  e s t a b l i s h  
ground r u l e s  and c o n s t r a i n t s  based on the  c a p a b i l i t i e s  of the  a s t r o n a u t s  
and t h e i r  equipment. For t h i s  miss ion ,  these  a r e  as fol lows:  
(1) L i m i t  the  a s t r o n a u t  t o  s i x  hours away from the s h e l t e r  during 
any one s o r t i e .  
( 2 )  A l t e rna te  the a s t r o n a u t  assignments on the  s o r t i e  and use 
only one a s t r o n a u t  on the  s o r t i e  a t  any time. 
(3) Stay wi th in  8 k i lometers  of the  s h e l t e r  w i t h  the  manned roving 
v e h i c l e  during a s o r t i e .  
( 4 )  Stay wi th in  30 k i lometers  of the  s h e l t e r  when using the  f l y i n g  
veh ic l e .  
(5) Carry the l a r g e  s c i e n t i f i c  packages on the  roving v e h i c l e  and 
small s c i e n t i f i c  packages on the f l y e r .  
I n  consider ing the mission o b j e c t i v e s ,  the  fol lowing c r i t e r i a  were 
used i n  s e l e c t i n g  the landing s i t e :  
(1) The a r e a  should have had a pre l iminary  geo log ica l  i n t e r p r e t a -  
t i o n  map completed s o  t h a t  c e r t a i n  assumptions can be v e r i f i e d  
o r  disproved. 
(2)  The l o c a t i o n  should be near the Surveyor I s i t e  o r  w i t h i n  
the  range of bo th  the roving and the  f l y i n g  v e h i c l e .  
(3) A number of l a r g e  f e a t u r e s  should be a c c e s s i b l e  from the  
s i t e  using the  mob i l i t y  a i d s  provided. 
( 4 )  The s i t e  w i l l  be  loca ted  i n  a mare which has been determined 
t o  have minimum s lopes  and roughness and which meets a l l  
requirements f o r  minimum performance of the  s p a c e c r a f t  and 
c r e w  during the  land ing phase. 
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V. MISSION PROFILE 
Considering the  o v e r a l l  mission,  t he  phys ica l  l i m i t a t i o n s  of the  
a s t r o n a u t s ,  the  suppor t  equipment, and the  r e s t r i c t i o n s  imposed by t h e  
luna r  environment, twelve s o r t i e s  w i l l  be requi red  f o r  t he  geo log ica l  
and geophysical  i n v e s t i g a t i o n s ,  fo r  emplacement of t he  s c i e n t i f i c  sta- 
t i o n s ,  and f o r  t h e  examination of the Surveyor I s p a c e c r a f t  and i t s  
components. The two a s t r o n a u t s  w i l l  land on the  moon by a LM t a x i  
w i t h i n  about  800 meters  from the  lunar  s h e l t e r  (landed up t o  s i x  months 
be fo re  the  manned landing) .  The a s t ronau t s  w i l l  then proceed t o  t h e  
s h e l t e r  and begin t h e i r  mission. Figure 1 2  shows a t y p i c a l  s e t  of the  
t h r e e  types of s o r t i e s  (geologica l ,  geophys ica l ,  and engineer ing)  t o  be 
performed a t  o r  near  the  landing s i t e .  Typical i n v e s t i g a t i o n s  are as 
f 01 lows : 
A .  Geological Mission 
One of t he  most i n t e r e s t i n g  f ea tu res  observed on the Orb i t e r  I and 
111 high  r e s o l u t i o n  photography has been the  r idges  o r  l a r g e r  h i l l s  
no r th  and e a s t  of the Surveyor I s i t e .  John A .  O'Keefe and h i s  assoc-  
i a t e s  [ l ]  b e l i e v e  t h a t  these  r idges  a r e  a convex body of viscous lava 
(a s u r f a c e  man i fe s t a t ion  of a r i n g  d ike)  and t h a t  the  f i n e l y  d iv ided  
material i n  the  Surveyor I p i c t u r e s  is the  s u r f a c e  of a lunar  a sh  flow 
t u f f  of ac id  o r  in te rmedia te  composition. I n  a d d i t i o n ,  they argue t h a t  
t he  s l o p e  of the  r i n g  m a t e r i a l  i n  contac t  w i th  the  mare m a t e r i a l  is 
convex while  t e r r e s t r i a l  t a l u s  s lopes  a r e  nea r ly  always concave. This 
sugges ts  t h a t  t he  s lopes  a r e  the r e s u l t  of vo lcan ic  a c t i o n  and not  mass 
wastage.  G. F i e lde r  [ 2 ]  i n  h i s  ana lys i s  of t he  Orb i t e r  I and I11 photo- 
graphy of the  Surveyor I s i t e  proposes t h a t  both Flamsteed e ( f i g u r e  l l a )  
and Flamsteed p ( f i g u r e  l l b )  a r e  par t s  of an  old vo lcan ic  r i n g  s t r u c t u r e .  
L. Rowen [3]  and D. Mil ton [ 4 ]  argue that the  ang le  of repose of t h e  
s l o p e  m a t e r i a l s  i s  no t  a good ind ica to r  of the  source of these  s l o p e  
materials and t h a t  the  s lopes  are the r e s u l t  of mass wastage; however, 
they do not  preclude the  p o s s i b i l i t y  t h a t  t hese  formations a r e  a r i n g  
o r  coulee covered by a l aye r  of fragmental  d e b r i s .  During a geo log ica l  
miss ion ,  i t  would be i n t e r e s t i n g  t o  i n v e s t i g a t e  the  o r i g i n  of the  
formations t o  the  no r th  and t o  the  e a s t  of Surveyor I. 
A t y p i c a l  geo log ica l  s o r t i e ,  designated as "1" on f i g u r e  1 2 ,  us ing 
the  f l y e r  t o  s tudy  the  Flamsteed e is as follows: 
1. One a s t r o n a u t  would ready the  v e h i c l e  and f l y  t o  the  
Flamsteed e reg ion  n o r t h  of the  s i t e ,  whi le  t he  o the r  a s t r o n a u t  remains 
i n  t h e  s h e l t e r  t o  perform s c i e n t i f i c  s t u d i e s  and f o r  l o g i s t i c s  and 
s a f e t y  reasons.  
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2.  While a t  the remote s i t e ,  the f i r s t  a s t r o n a u t  would (1) 
s tudy  the  contac t  between the h i l l s  and the  mare f l o o r ,  (2) examine 
s e v e r a l  d i f f e r e n t  types of c r a t e r s  w i th in  the immediate a r e a ,  (3) s tudy ,  
s e l e c t ,  and package var ious  samples of m a t e r i a l s  which can be brought 
back t o  the LM l abo ra to ry  f o r  s tudy ,  ( 4 )  photograph the s i t e  a t  high 
r e s o l u t i o n  f o r  survey loca t ions  d a t a  and record h i s  observa t ions ,  (5) 
d r i l l ,  core and log a 3-meter hole  and emplace a small a c t i v e  remote 
s c i e n t i f i c  s t a t i o n ,  (6)  r e a c t i v a t e  the f l y e r ,  check o u t  f o r  ope ra t ion ,  
and f l y  back t o  the  s h e l t e r ,  and ( 7 )  s tudy  the  samples dur ing  the  
remainder of the time. 
A t  l e a s t  two o the r  s o r t i e s  w i l l  be requi red  t o  emplace s c i e n t i f i c  
s t a t i o n s  a t  Flamsteed ,B and a t  one o ther  l o c a t i o n  between /3 and 8 t o  
e s t a b l i s h  the geology of t hese  f e a t u r e s  and provide environmental  
information. 
B.  Engineering Analysis Mission 
A s i n g l e  engineer ing mission can he lp  t o  e s t a b l i s h  e f f e c t s  on equip- 
ment and ma te r i a l s  of long time exposure t o  the  lunar  environment. A 
t y p i c a l  engineer ing mission s o r t i e ,  designated as "2" on f i g u r e  1 2 ,  i s  
ou t l ined  as fol lows:  
One a s t ronau t  w i l l  (1) ready the  roving v e h i c l e  and d r i v e  t o  the 
Surveyor I s i t e ,  (2) i n spec t  the  s o l a r  panels  and the  p l ane ta ry  a r r a y  
f o r  any buildup of f ine-gra ined  m a t e r i a l s  on any p a r t  of the  s p a c e c r a f t ,  
(3) examine and photograph the  s p a c e c r a f t  and s e l e c t e d  pa in ted  su r faces  , 
o b t a i n  a sample of p a i n t  t o  determine the e f f e c t s  of prolonged exposure 
t o  lunar  environment, (5) i n spec t  a c c e s s i b l e  wi r ing  and e l e c t r i c a l  
connections f o r  damage t o  i n s u l a t i o n ,  e t c . ,  (6) i n s p e c t  the  Compartment A 
Vycor g l a s s  mi r ro r  which w a s  s h a t t e r e d  during the  lunar  n i g h t  and observe 
any o the r  damage, (7)  i n spec t  the  Compartment A b a t t e r y  t o  determine cause 
of f a i l u r e ,  and, i f  poss ib l e ,  remove the  b a t t e r y  and b r ing  i t  back t o  the  
LM f o r  a n a l y s i s ,  (8) remove the TV camera o r  o t h e r  components, as d i r e c t e d  
by ground con t ro l ,  f o r  a n a l y s i s  a t  the  LM s h e l t e r ,  (9) sample the  s o i l  
thrown out  by the  Surveyor f o o t  pad and sample s o i l  t h a t  w a s  not  d i s -  
turbed by the landing of Surveyor I t o  determine the  amount of r a d i a t i o n  
damage, and (10) r e t u r n  t o  the  LM s h e l t e r ,  c o l l e c t i n g  rock samples  a long 
the  rou te  as t i m e  permits .  
C .  Geophys i c a l  M i s s  ion  
The geophysical mission w i l l  be performed us ing  the  roving v e h i c l e .  
Seismic and o the r  geophysical  measurements w i l l  be made. 
geophysical s o r t i e ,  des igna ted  as "3" on f i g u r e  1 2 ,  is  as fol lows:  
A t y p i c a l  
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One of the  a s t ronau t s  would perform t h e  fol lowing d u t i e s ,  while  
the o the r  a s t r o n a u t  remains a t  the  s h e l t e r :  
v e h i c l e  and proceed on a 20-km pre-planned closed-loop t r a v e r s e  making 
pe r iod ic  g r a v i t y  measurements and continuous magnetic measurements. 
(2)  Photograph and survey t h e  t e r r a i n  whi le  on the  t r a v e r s e  and a t  
each of t he  pre-planned s t o p s ,  thus e s t a b l i s h i n g  a con t ro l l ed  t e r r a i n  
f o r  use i n  the  a n a l y s i s  of t h e  g rav i ty ,  magnetic and se i smic  measure- 
ments to he perfnrmed a I s t e r  serties. The sek i i i c  a r r a y s  assembied 
l a t e r  w i l l  c o n s i s t  of explosive charges placed on the  su r face  and bu r i ed ,  
and a record ing  network t o  monitor the sound r a y  pa th  a f t e r  de tona t ion .  
This technique al lows the c o l l e c t i o n  of information about  the sub-surface 
s t r u c t u r e .  (3)  Col l ec t  samples of s o i l ,  r ocks ,  and o the r  items of 
i n t e r e s t  a t  pre-planned s t o p s ,  recording h i s  observa t ions .  ( 4 )  Return 
t o  t h e  s h e l t e r ,  ana lyze  the co l lec ted  i tems,  and perform o the r  requi red  
t a sks .  A t  l a te r  times during the  ove ra l l  miss ion ,  f i v e  a d d i t i o n a l  
s o r t i e s  w i l l  be performed t o  provide as much geophysical  d a t a  as 
poss ib l e .  
(1) Ready the  roving 
V I .  TIME LINE ANALYSIS 
I n  developing a lunar  explora t ion  m i s s  ion,  the  most important 
f a c t o r s  are the  time and l o g i s t i c s  requirements .  Table I shows the  
amount of time requi red  t o  ca r ry  out a proposed t o t a l  mission once the  
a s t r o n a u t s  a r e  on the  su r face  and t h e i r  equip'ment is ope ra t iona l .  This 
budget inc ludes  the  time requi red  fo r  landing and the  r e t u r n  t o  the  
CM- SM . 
V I I .  CONCLUDING REMARKS 
Typical  s c i e n t i f i c  missions and s o r t i e s  which can be performed by 
a team of a s t r o n a u t s  t o  y i e l d  a large amount of s c i e n t i f i c  d a t a  have 
been descr ibed .  Since the  explorers  a r e  faced w i t h  a unique environ- 
ment, a g r e a t  dea l  of time must be devoted t o  t r a v e l ,  r e s t ,  meals and 
personal  ca re  leav ing  comparatively l i t t l e  time f o r  s c i e n t i f i c  s tudy.  
However, w i t h  good mission planning and s e r i o u s  cons idera t ion  of t he  
problems which could conceivably a r i s e  and a l t e r n a t e  procedures t o  
a l l e v i a t e  t hese  problems, man should be a b l e  t o  c a r r y  ou t  success fu l  
s c i e n t i f i c  and engineer ing programs on t h e  luna r  su r face .  
The au thor  wishes t o  express  h i s  a p p r e c i a t i o n  f o r  the  information 
and encouragement provided f o r  this  s tudy  by h i s  col leagues i n  NASA 
Headquarters ,  Manned Spacecraf t  Center, Marshal l  Space F l i g h t  Center ,  
and t h e  U. S .  Geological Survey. 
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TABLE I 
Time Budget f o r  t he  Tota l  14-Day Mission 
Function 
~ 
Landing v i a  LM-taxi, t r a n s f e r  t o  LM s h e l t e r ,  
checkout of s h e l t e r  and equipment, r e t u r n  t o  
LM-taxi, and r e t u r n  t o  CM-SM i n  o r b i t  v i a  
LM- t a x i  
Roving veh ic l e  t r a v e l  time 
Flying veh ic l e  t r a v e l  time 
S c i e n t i f i c  sur face  a c t i v i t y  
S c i e n t i f i c  labora tory  a c t i v i t y  i n  o r  
near  t he  she1 ter 
Conununications and planning 
Monitoring operat ions 
Res t ,  meals,  and personal  ca re  
TOTAL 
8 
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Figure  4 .  Lunar S h e l t e r  Concept 
F igu re  5. Roving Vehic le  Concepts 
1 3  
Figure 6 .  Fly ing  Vehic le  Concept 
F igu re  7 .  3 Meter Hand D r i l l  
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Figure  8. Surveying S t a f f  
F igu re  9 .  Emplaced Remote S c i e n t i f i c  S t a t i o n  
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Figure  10. Tools and Carrier 
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Figure lla. Flamsteed fl 
Figure l l b .  Flamsteed B 
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